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ABSTRACT 
The spawning biomass of P a c i f i c  he r r ing  i n  San Francisco 
Bay and Tomales Bay was est imated t o  be 65,441 tons and 5,583 
tons, respec t ive ly  during t h e  1980-81 season. This i s  t h e  
highest es t imate  t o  d a t e  f o r  San Francisco and continues 
a r i s i n g  t r end  i n  abundance. The   om ales Bay populat ion has 
f luc tua ted  around an annual mean of 6,000 tons s i n c e  1973. 
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INTRODUCTION 
In 1973, the  California Department of Fish and Game began esti- 
mating the  annual spawning biomass of Pac i f ic  herring.(CZrrpea harsngus 
paztasi)  i n  Tomales and San Francisco Bays (Spratt ,  1981). Biomass 
is derived from estimates of eggs deposited during each season. Both 
bays are r e l a t i ve ly  small i n  area  and a re  wel l  su i ted  f o r  intensive 
spawning ground surveys. Tomales Bay biomass estimates have fluctuated 
around a mean of 6,000 tons. The San Francisco Bay estimates began t o  
increase i n  1978, as sampling techniques were improved. I n  1979-80 
the spawning biomass was estimated t o  be nearly 53,000 tons (Sprat t ,  
1981). 
This report  includes spawning biomass estimates f o r  Tomales Bay 
and San Francisco Bay during the  1980-81 spawning season and it pro- 
vides continuous series of annual herring spawning biomass estimates 
from 1973-74 onward. These data a r e  the  bas i s  of the  herr ing roe 
f ishery management plan. 
DESCRIPTION OF STUDY AREA 
Tomales Bay 
Tomales Bay lies i n  Marin County, a shor t  dis tance north of San 
Francisco. It is 20 km (12.4 miles) long and averages more than 1.5 
km (0.9 miles) wide. Hardwick (1973) mapped the d i s t r i bu t ion  and 
abundance of marine f l o r a  i n  Tomales Bay and found t h a t  e e l  grass 
Z o s t e r a  m d n a ,  comprised 75 percent by 
the bay. The d is t r ibu t ion  of e e l  grass 
s l i g h t l y  each year (Spratt , 1981). The 
weight of a l l  vegetation i n  
i n  Tomales Bay has changed 
- .  
present d i s t r ibu t ion  (Figure 
. 
was determined during March of 1981. Other species of marine fX6ra 
a re  u t i l i z e d  as spawning subs t ra te  i n  Tomales Bay, but eel grass is 
the  only spawning subs t ra te  included i n  my surveys. 
San Francisco 
The regular survey a rea  i n  San Francisco Bay includes all shore- 
l i n e  and shallow subt ida l  areas t o  a depth of 4.6 m (15 f t .) bomded 
by the  Golden Gate Bridge, Richmond Bridge and the  San Francisco-Oakland 
Bridge (Figure 2). While most spawns a r e  sub t ida l  i n  S a n  Francisco 
Bay, there is  a l so  considerable i n t e r t i d a l  spawning a e t i v i w .  Imter- 
tidal. spawns i n  San Francisco Bay l i t e r a l l y  cover a l l  ava i lab le  svbs t r a t e  
i n  t he  area;  including, bare rocks, sand, p i e r  p i l i ngs  and marina flora, 
The two major sub t ida l  spawning areas a r e  Richardson Bay amd the east 
bay between Richmond and Oakland. They consis t  of sparse beds atf 
GradZaria spp. interspersed with Utva sp. and some e e l  grass. ??be 
only areas consis tant ly  not u t i l i z e d  f o r  spawning are broad! lad flats 
with no vegetation. . .  
METHODS 
Tomales Bay Sampling Techniques 
This season's spawning ground surveys w e r e  conducted f r o m  6bgcsrrrber 
1, 1980 t o  March 20, 1981. Spawn sampling techniques have remained 
r e l a t i ve ly  unchanged s ince  1973 (Sprat t ,  1981). Every eel grass bed 
(Figure 1) was sampled da i ly  from a 4.6-m (15-ft.) boat by tmdng a 
vegetation sampler through the  bed. 
The d i s t r ibu t ion  of e e l  grass changes yearly;  new beds are as- 
covered, old ones disappear, and t h e  a rea  of some be& eltaqp sfgp5ffumtly. 
Every year  i n  March after spawning has near ly  stopped, t h e  area  
of all eel grass beds is remeasured and t h i s  new data  is used t o  calcu- 
late al l  of the season's spawns. Previous est imates of e e l  grass 
density ranging from 0.5-4.0 kg/m2 (Spratt ,  1981) were applied t h i s  
season to each bed by subject ive ,  on s i t e  inspections.  
San Francis co Bay Sampling Techniques 
Tedta-sliques used i n  San Francisco Bay 'to est imate spawning biomass 
have evolved over t h e  years. Before 1978, spawning biomass est imates 
for San Francisco Bay were determined by sampling i n t e r t i d a l  (shoreline) 
. .  
spawns d y .  In  January of 1979, a major sub t i da l  spawn was located i n  
Richardson Bay, and t he  following season, seven sub t ida l  spawns were 
located which accounted f o r  79 percent of the  season's spawning a c t i v i t y  
(Spratt,  1981). I n  order t o  compute biomass from sub t ida l  spawns, i t  
is necessary t o  determine t he  weight (kg/m2) of vegetation present i n  
the spawning area. I n  the  f a l l  of 1979, Department divers col lected 
quan t i t a t i ve  samples of vegetation from Richardson Bay. This vegetation 
survey was expanded i n  t he  f a l l  of 1980 t o  include Belvedere Cove, 
Tiburon, K i e l  Cove (Figure 3) and the  ea s t  bay between Richmond and 
Oakland (Figure 4) .  The boundaries of known vegetation beds were de- 
termined by dragging a vegetation sampler through them. Sampling s t a t i ons  
were se lec ted  randomly by placing a g r id  over t he  beds, and numbering 
po in t s  where g r id  l i ne s  in tersected.  I n  the  east bay, 15 s t a t i o n s  were 
selected and i n  t h e  Richardson Bay area 20 s t a t i o n s  were se lected.  
D i v e r s  removed a l l  vegetation from three  0.25-m2 quadrats at each s t a t i on .  
The vegetation w a s  damp dried and weighed t o  the  nearest  gram immediately 
after col lect ion.  When a sub t ida l  spawn occurs, t h e  vegetation sampler 
is used to co l l ec t  samples and determine spawning a rea  (m2). The number 
of eggs/kg of vegetation w e r e  determined using techniques developed 
i n  the 1979-80 season (Spratt ,  1981). The estimate of egg deposition 
is the product of d e r  of eggs/kg vegetation, kg vegetation/m2, 
and spawn area (m2) - 
BIOMASS COMPUTATION 
The techniques used t o  es t imate  t o t a l  number of .eggs deposited 
during a season d i f f e r s  between Tomales and San Francisco Bays. However, 
conversion from numbers of eggs spawned to  tons of adul t s  i s  iden t i ca l  
f o r  both bays. 
. Eardwick's (1973) estimate of fecundity was used t o  convert numbers 
of eggs t o  tons of herr ing-  Hardwick estimated fecundity a t  114 eggslgram 
of herr ing (both sexes combined) f o r  Tomales Bay herring,  and tha t  103.5 
mill ion eggs would be produced by one ton of adul t  herring. 
The t o t a l  eggs desposited during the seas'on is  the  sum of t he  e s t i -  
mates of each individual  spawn- The number of eggs spawned is converted 
t o  shor t  tons of spawners by t h e  conversion f ac to r  of .966x10-*, which 
is the  reciprocal  of fecundity. 
RESULTS 
Tamales Bay 
Rro more eel grass  beds w e r e  discocered t h i s  season; bed Lcl near'' 
the south end of the bay and, bed 20Awhich is west of Tom's Point. These 
two beds were found when la rge  numbers of gu l l s  were observed c i r c l i ng  
in the area as herring were spawning. These beds may not  be newly formed 
but I bel ieve t h i s  is the  f i r s t  time they were u t i l i zed  f o r  spawning 
s ince our survey began. There is now a t o t a l  of 31 known e e l  grass beds 
3x1 Twales  Bay (Figure 1). Bed measurements i n  March, 1981 revealed 
that the t o t a l  amount of eel grass  avai lable  f o r  spawning is over 4 
mill ion m2 (Table 1 ) .  
The f i r s t  spawn located t h i s  season occurred on December 15, 1980 
and a t o t a l  of s i x  spawning runs occurred u t i l i z i n g  24 individual 
spawning sites (Table 2). The l a s t  two spawns of the season on February 
2 and February 17, 1981 were much la rger  than estimates indicated, Par t  
of the  February second spawn was on e e l  grass a t  bed lA, but t he  major 
pa r t  of the  spawn u t i l i z e d  a Grac6larYi.a sp. bed near Sacramento Landing. 
. . 
On February 17, 1981, herr ing spawned on an extensive bed of Gracikria 
sp. near Marshall. Both of these spawns a re  no t  included i n  my estimates I 
because no density (kg/m2) estimates of GraciZaria were avai lable ,  
I estimate a minumum spawning escapement of 5,135 tons. The commer- 
1 
cial herring roe f ishery tdkes herring j u s t  p r io r  t o  spawning, theref ore,  
the spawning biomass estimate fo r  the season should include the catch. 
The catch of pre-spawners increases the  biomass estimate fo r  the  1980-81 
season t o  5,583 tons of herring. This should be considered a minimum 
estfmate because two s ign i f ican t  spawns a re  not  included. 
San Francisco Bay 
Significant sub t ida l  spawning i n  San Francisco Bay was f i r s t  dis-  
covered during the 1978-79 season and i n  the  following season (1979-80), 
79 percent of the spawning biomass estimate was derived from subt ida l  
spawning (Spratt ,  1981). Subtidal spawns'are now considered t o  be more 
important than 
The known 
i n t e r t i d a l  (shoreline) spawns. 
subridal  spawning areas of the bay were surveyed by 
. 
h p a r t m e n t  d i v e r s  i n  November of 1980 t o  estimate t h e  dens i ty  of vegeta- 
tion. Vegetation densities were h ighes t  i n  Richardson Bay (-083 kg/m2) 
and K i e l  Cove (-0908 kg/m2) (Figure 3). The vegeta t ion  survey of t h e  
e a s t  bay revealed  a mean dens i ty  of ,002 kg/m2 except a t  one s t a t i o n  
nea r  Berkeley which had a dens i ty  of .629 kg/m2 (Figure 4) .  
The f i r s t  spawn of t h e  season was located  on Noyember 17 ,  1980 near  
Tiburon. There w e r e  a t  l e a s t  10 spawning runs during the  season (Table 3) ,  
and spawn was deposi ted  at s i x  loca t ions  i n  t h e  Bay (Figure 5).  Sub t ida l  
spawns were less than t he  1979-80 season, bu t  s t i l l  accounted f o r  56 
percent  of i h e  es t imate .  
Richardson Bay, K i e l  Cove, and associa ted  s h o r e l i n e  accounted f o r  
90 percent  of the season's  spawning a c t i v i t y .  The e a s t  bay was apparently 
less s u i t a b l e  t o  h e r r i n g  because of the  law vege ta t ion  d e n s i t i e s .  
I es t imated  spawning escapement a t  59,615 tons  of herr ing .  The 
commercial h e r r i n g  r o e  f i s h e r y  catch of pre-spawners was 5,826 tons. 
Including t h e  ca tch ,  t h e  spawning biomass f o r  t h e  1980-81 season i s  
65,441 tons ,  t h e  h ighes t  es t imate  t o  date.  
DISCUSSION 
Tomales Bay 
Spawning ground surveys i n  Tomales Bay a r e  begun on December f i r s t  
each season. It is poss ib le  t h a t  some spawning occurs i n  November, as 
was demonstrated i n  San Francisco Bay the p a s t  two seasons. However, 
surveys are conducted t o  encompass the  time of peak spawning a c t i v i t y  
i n  t h e  bay, which i s  January and February. Since 1973, January and 
February have combined f o r  86 percent  of a l l  spawning a c t i v i t y  (Table 4 ) .  
, 
Wirtl$in dkig time frame, there  has been a s h i f t  i n  the t i m e  of peak 
spasmi-. Ih the past three years,  9 1  percent of t he  spawning has oc- 
ni3.s shift to earlier spawning began i n  the  1976-77 season and now 
appears to be s t a b i l i z e d  i n  January. The cause of t h i s  change is not 
completely understood, but  could be re la ted  t o  r a i n f a l l .  Cal i fornia  
has beem %n the midst of a drought of varying degrees t h a t  began i n  
The Pcmales Bay biomass est imate has ranged between 4,728 tons i n  
. - 
-75 pnd 22,163 tons i n  1978 (Table 5). Excluding the  anomalous 1978 
season, Zbe Tolaales Bay est imate averaged nearly 6,000 tons per  year. 
The spawning population i n  t he  bay current ly  appears s t a b l e  and fluc- 
tuates momally from year t o  year. 
San Francisco Bay 
!l%e months of peak spawning a c t i v i t y  i n  San Francisco Bay a r e  
December, January and February (Table 6). However, i n  the  pa s t  four 
seasons there  has  been a s h i f t  i n  spawning a c t i v i t y  t o  December and 
January, with over 90 percent of spawning a c t i v i t y  completed by t h e  
emd of January. This same phenomena occurred i n  Tomales Bay over t he  
past four seasons. 
The estimate of her r ing  spawning biomass i n  San Francisco Bay 
has more than doubled s ince  t h e  1976-77 season (Table 7). There is 
little reason t o  bel ieve t ha t  t he  population has ac tua l ly  increased. 
The es t imate  of spawning biomass has increased due t o  t h e  following 
&ages i n  methodology: 
(i) extensive  s u b t i d a l  spawning areas wereeincluded i n  surveys 
beginning with the 1979-80 season, ( i i )  t h e  month of November 
was included i n  surveys beginning with t h e  1980-81 season. 
The es t imated her r ing  spawning biomass i n  San Francisco Bay f o r  
the 1980-81 season 5s 65,441 tons,  t h e  highest  est imate t o  date. Fine 
tuning of methodology, p a r t i c u l a r l y  the  vegetation sdrveys, w i l l  i m -  
prove our estimates again next season, but  t h i s  i s  not  expected t o  
r e s u l t  i n  a s i g n i f i ~ ~ a n  t increase  i n  the  population estimate. Assuming 
t h a t  all the  major spawning a reas  i n  t he  bay have been discovered, the  
. . 
population can be expected t o  f l uc tua t e  normally i n  the  fu ture ,  a s  t he  
Tomales Bay population does. Herring a r e  noted f o r  na tu r a l  cycles i n  
abundance and decreases i n  population s i z e  i n  t he  fu tu r e  can be expected 
to occur. 
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TMKE 1. TQmBfes Bay Eel Grass Beds as Measured i n  March 1981. 
Bed 
Emher 
Bed 
Number 
5. 
u 
2 
3 
4 
. . 
5 
6 
7 
8 
9 North 
9 South 
10 
I1 North 
11 Middle 
11 South 
12 
13 
- .- 
TOTAL AREA 4,000,750 
Table 2. Herring Spawn Data for Tomales Bay, 198C(-81 Season. 
Date 
15 Dec 80 
16 Dec 80 
1 7  Dec 80 
18 Dec 80 
4 Jan 81  
4 Jan 81  
4 Jan 81 
4 Jan 81  
6 Jan 81  
6 Jan 81  
6 Jan 81  
6 Jan 81  
6 Jan 8 1  
6 Jan 81 
6 Jan 81 
24 Jan 81 
24 Jan 81  
25 Jan 81 
25 Jan 8 1  
25 Jan 81 
25 Jan 81  
25 Jan 81 
2 Feb 81 
17 Feb 81 
2 Area (m 1 
No, eggs per 
kg eel grass 
I 
694,000 
5,0001 
40,000 
155,000 I 
219,0001 
284,000 I 
37,0001 
261,000 
360,300' 
335 ,0001 
~ ~ O , O O O I  
484,0001 
69, OOOl 
454,000 
66,0001 
1,337,000 
l,lO9,OOQ 
89,SOq 
70,500 
462,00d 
374,000 
39,300 
I 
43,000 
Q..eel.. rass 
per m 9 
1.9 
1.9 
1.5" 
1.9 ' 
1.9 
1.9 
1.5 
1.9 
1.9 
1.9 
1.9 
4.0 
1.5 
1.5 
1.5 
1.9 
1.9 
1.9 
1.9 
1.5 
1.9 
1.5 
1.9 
T 
I 
I 
I 
I 
I 
I 
NO. eggs I 
per m2 I 
I 
1,318,000 1 
9,500 
59,500 
295,900 
416,008 I 
%O,OOO 
55,500 I 
496,000 
684,600 
636,000 I 
969,000 I 
1,936,3001 
103,0001 
681,0001 
99,000 
2,540,000~ 
2,108,000~ 
17O,00O1 
134, O0Ol 
693,000 
711  ,oool 
59 ,00O1 
I 
81,700 
- - -  
Millions 
A
13,839 
218 
1,725 
3,982 
1,706 
17,820 
4,662 
69,426 
12,312 
12,338 
34,302 
72,019 
299 
38,136 
8,316 
34,290 
12,437 
2,125 
1,541 
103,950 
78,210 
6,077 
1,585 
- - - 
Tone 
-
130 
2 
20 
40 
20 
170 
40 
670 
120 
120 
3 30 
700 
3 
3 70 
80 
3 30 
120 
2 0 
10 
1,000 
760 
6 0 
. Trace 
20 
I 
*See Figure 1 I 
I I 
Table 3. Herring Spawn Data for  San Francisco Bay, 1980-81 Season. 
Daf'e 
16-19 Nov.80 
17 Nov 80 
17 Nov 80 
1-4 Dec 80 
1-4 Dec 80 
7-9 Dee 80 
7-9 Dec 80 
7-9 Dec 80 
21-22 Dec 80 
21-22 Dec 80 
21-22 Dec 80 
6-8 Jan 81 
7-10 Jan 81 
7-10 Jan 81 
7-10 Jan 81 
8-9 Jan 81 
15 Jan 81 
27 Jan 81 
6-7 Jan 81 
6-7 Jan 81 
peat ion 
Belvedere Wburon 
Kiel Cove 
Pt. Tiburon 
Richr~ond 
Richmond 
Belvedere Tiburon 
Pt . Tiburon 
Kiel Cove 
Richardson Bay 
Sausalito 
1 
Belvedere 
Richardson Bay 
Sausalito 
Belvedere Tiburon 
Kiel Cove 
Angel Island 
Treasure Island 
Angel Island 
Sausalito 
Richardson Bay 
2 Area. (A 
180, ooo 
67,000 
5,000 
117,000 
2,600,000 
128,000 
59 000 
67,000 
1,463,000 
163,000 
71,000 
6,900,000 
54,000 
29,000 
67,000 
150,000 
71,000 
63,000 
134,000 
3,470,000 
No. eggs per 
kg vegetation 
* 
2,827,000 
2 59,000 
* 
953 , 000 
9 
14,100,000 
650,000 
3,042,000 
* 
* 
2,709,000 
* 
* 
' 5,781,000 
* 
* 
* 
* 
70,000 
kg vegetation 
L 
. - 
* 
. .goo 
,170 
* 
.oh3 
* 
.I70 
.goo 
.240 
* 
* 
093 
* 
* 
.goo 
* 
* 
* 
* 
.010 
No. eggs 
- *2 
713,000 
2,594,000 
44,000 
1,321,000 
41,000 
1,543,000 
29 397,000 
585,000 
730,000 
3,000,000 
2,223,000 
2 52,000 
2,398,000 
~,091,000 
59203,000 
2,456,500 
3,761,000 
1,576,000 
1,338,000 
700 
Tone 
- 
1,200 
1,600 
2 
1,500 
2,000 
1, 900 
100 
400 1 
C1 
10,300 
4,700 ' 
1,500 ' 
16,800 
1,300 
300 
3,400 
3,600 
2,600 
1,000 
1,700 
20 
Table 3. (Cont'd) 
Date Location 
16 Feb 81 P. Diablo 
23 Feb 81 Richardson Bay 
24 Feb 81 Kiel Cove 
24-25 Feb 81 Tiburon 
5 ~ a r  81 Richmond 
Total 
No; egge per kg vegetation 
Area h2) -at lo% a na2 
Not sampled 
209,000 160,000 .OIO 
67,000 4,348,000 .goo 
. 81,000 JC .. * 
8,400 .n .n 
* These are in ter t ida l  spawns and vegetation parameters are not used. 
No. egg8 
per m2 
1,600 
3,913,000 
2,718,000 
1,084,000 
Millions 
e g L  Tons 
TABLE 4. Tomales Bay Monthly Herring Spawning Bi-omass, Expressed as a 
Percent of Season Total. 
Month 
Season 
1973-74 
1974-75 
19 75-76 
1976-77 
1977-78 
19 78-79 
19 79-80 
19 80-81 
Monthly 
Average 
k c  
-
Jan . 
-
Feb 
-
9 36 . 55 
No Survey was conducted 
Mar 
- 
- 
3 
1 
4 
- 
TABLE 5. Tomales Bay Paci f ic  Herring Spawning Biomass Estimates, 1973-74 
through 1980-81 Seasons. 
Spasm estimate Catch Spawning biomass 
Season (tons) (tons) (tons) 
TABLE 6 ,  San Francisco Bay Monthly Herring Spawning Biomass, Expressed 
as a Percent of Seasonal Total. 
Season 
19 73-74 
1974-75 
1975-76 
19 76-77 
1977-78 
1978-79 
1979-80 
1980-81 
Monthly 
Average 
Nov* 
-
- 
Dec 
-
8 
1 
12 
18 
52 
14 
72 
36 
Month 
-
Jan 
-
- 
66 
6 2 
3 3 
44 
76 
14 
6 8 
4 3  
Feb 
-
45 
33 
2 1 
4 9 
4 
10 
9 
10 
23 
*November was not surveyed prior to the 1979-80 season. 
TABLE 7.. S a n  Francisco B a y  Pacific Elerring Spa-ming Biomass Estimates, 1973-74 
through 1980-81 Seasons. 
Spawn estimate 
Season ( t a s  ) 
Catch Spawning biomass 
(tons) (tons) 
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0 1000 2000 3000 
SCALE IN METERS 
FIGURE 1. Tomales Bay with numbered eel grass beds. 
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FIGURE 2. Herring spawn survey area i n  San Francisco Bay. 
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FIGURE 3. Richardson Bay vegetation density (kg/m2) in  the f a l l  of 1980. 
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FIGURE 4 .  East San Francisco Bay vegetation density (kg/m2) i n  the fall 
of 1980. . 
FIGURE 5 .  Dates and locations o f  San Francisco Bay herring spawns during 
the 1980-81 season. 
